The increasing interest in the development of renewable energy sources such as biogas or bioethanol has led to study different lignocellulosic biomass as feedstock. In this work, corn biomass (stalk and leaf) was used to obtain total reducing sugar (TRS) and evaluate its suitability as feedstock for biofuels production. Biomass characterization was carried out by high performance liquid chromatography (HPLC) technique in order to determine main components (cellulose, hemicellulose, and lignin). For TRS quantification, different biomass particle size (0.5 mm, 1 mm, 2 mm, and in natura) were considered and the effect of alkaline pretreatment was studied in corn stalk, corn leaf, and corn stalk/leaf biomasses. It was found that corn cultivation wastes biomass exhibited high cellulose content of 28.38 g/L and 19.02 g/L for stalk and leaf, respectively. In addition, the highest concentration of TRS (28.89 g/L) was achieved using pretreated stalk/leaf biomass with 0.5 mm particle size indicating that alkaline pretreatment improves the TRS concentration. These results suggested that corn crop residues are an attractive feedstock for producing biofuels.
Introduction
The world energy consumption over the years has caused fossil fuels depletion, and increased the need for renewable energy sources [7] . Biomass utilization has been considered as an ever-trending feedstock for renewable energy production [5] . Lignocellulosic biomass is a potential resource for producing biofuels such as ethanol and biogas [8] . Biogas readily integrates to infrastructures of industries and households and is obtained via biomass decomposition in anaerobic environment [16] . Agricultural biomass wastes have been considered as an alternative approach because of its availability and non-competing against food crops for land and fresh water [9] . Corn stover is a by-product generated by corn grain cultivation including husks, cobs, leaves, and stalks with high content of cellulose and hemicellulose [17] . Corn stover has been widely investigated through enzymatic hydrolysis and solid state anaerobic digestion for biogas production [3] . In order to enhance the digestibility of substrates, it has been applied different pretreatments technologies to lignocellulosic materials [11] . The product of degraded lignocellulose is sugar that can be used for biogas production. Hence, this work is focused on quantify the amount of TRS obtained from corn stalk and leaf in order to evaluate the potential of corn crop residues as suitable feedstock for renewable energy alternatives as biofuel.
Materials and Methods
Corn crop residues were obtained from the countryside of Bolivar -Colombia. They were washed to remove residues and dried at room temperature to facilitate milling and sieving. Sodium hydroxide, sulfuric acid, and 3, 5-dinitrosalicylic acid (DNS) were purchased from Sigma-Aldrich.
Biomass characterization: Corn crop residues were characterized by gravimetric analysis using HPLC in order to determine the moisture, ashes, cellulose, hemicellulose, and lignin content. The elemental analysis and combustion at 550°C were performed to quantify the amount of nitrogen, carbon, volatile and total solids in biomass.
Substrate preparation: Initially, corn stover was divided into stalk and leaf, which were washed and dried during 5 days exposed to solar radiation. Then, dried biomass was milled and sieved using 0.5 mm, 1 mm, and 2 mm mesh. The residual particles with a size higher than 2 mm were adopted as in natura.
Alkaline pretreatment: Alkaline pretreatment was carried out using 15 mL of 1% (wt.) NaOH solution per 1 g of substrate during 30 minutes in an autoclave at 121 °C. After that, the solid phase was washed with deionized water until achieving pH 7 and then dried.
Acid hydrolysis:
To perform acid hydrolysis, 10 mL of a 1% (vol.) H2SO4 solution
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was added to 1 g of pretreated and 1 g of non-pretreated substrate during 1 hour inside an autoclave at 121 °C. Afterward, samples were filtered and the liquid was used to quantify TRS.
Quantification of TRS:
The concentration of TRS was measured by DNS colorimetric method, which is based on reducing DNS by the action of glucose and other reducing sugar detectable by absorbance lecture to 540 nm. A calibration curve was made with stock solution of glucose at 2 g/L in order to compare the experimental results obtained with a UV-VIS scanning spectrophotometer with those plotted in the curve.
Results and Discussion
Characterization of substrate: The compositions of corn stalk and corn leaf are reported in Table 1 . The cellulose, hemicellulose, lignin, and ashes contents of lignocellulosic biomass generally varies between 35-50 %, 20-35%, 15-20% and 15-25%, respectively [10] . Similar results were obtained in this work for biomass characterization. The maximum content of cellulose and hemicellulose and minimum content of lignin and ash indicated that corn crop residues are an attractive feedstock with a high potential yield of monomeric sugars [15] . The cellulose content of corn stalk represented by glucan molecules is 28.38% and corn leaf is 19.02% and the ash content is 4.53% and 12.83% for both stalk and leaf, respectively. This raw material composition differs with the results reported in other studies as is summarized in Table 2 , which can be attributed to lignocellulosic biomass source, climatic conditions, soil composition and treatment [12] . It has been reported a carbon/nitrogen (C/N) ratio in substrate for producing biogas between 10-16 and 45 [4] . However, Romanelli and co-workers claimed that the best C/N ratio varies from 9 to 25 [12] . In this research, it was obtained a C/N ratio of 52.17, 19.45, and 28.83 for corn stalk, corn leaf, and corn stalk-leaf combination, respectively. The high value for C/N ratio in corn stalk suggested slow degradation of biomass due to non-proliferation of microorganism in absence of nitrogen. It was found that corn stalk and corn leaf are suitable for anaerobic digestion due to its moisture content (54 and 32%, respectively) and low amount of inorganic matter [4] . Figures 1, 2 , and 3 show total reducing sugar concentration for corn biomass (stalk, leaf, and stalk/leaf) with and without alkaline pretreatment. It was observed that highest TRS concentration was achieved for pretreated biomasses. As is shown in Figure 1 , stalk/leaf biomass with pretreatment produced the highest amount of TRS (28.89 g/L) for 0.5 mm particle size. This result is attributed to the increase of superficial area available when particle size reduction is performed. Hence, the digestibility can be improved by reducing crystallinity and polymerization degree of cellulose [19] . When biomass is pretreated with 1% (wt.) NaOH during 30 minutes, the TRS concentration increased 11% for corn stalk, leaf, and stalk/leaf biomasses with 0.5 mm particle size in comparison to non-pretreated biomasses. The effectiveness of this pretreatment is caused by the depletion of unproductive adsorption sites as a consequence of reduced lignin content [14] . Figure 1 . TRS concentration for pretreated and non-pretreated corn stalk/leaf biomass at different particle size
Quantification of TRS:
As is shown in Figure 2 , TRS concentration for corn stalk biomass was not significantly affected by particle size. It was found that the highest amount of TRS (27.29 g/L) was obtained for in natura particle size, which is explained by the favourability of cellulose splitting into glucose and hemicellulose into its constituent sugars when acid hydrolysis is carried out. However, particle size reduction increases accessibility of the acid to structural components such as cellulose, hemicellulose, and lignin that generates solubilisation and degradation of simple sugar molecules depending on process condition [14] . At high temperatures, acids produced during hemicellulose degradation could induce this phenomena [6] . Figure 2 . Total reducing sugar concentration for pretreated and not pretreated corn stalk biomass at different particle size Figure 3 shows TRS concentration produced from pretreated and non-pretreated corn leaf biomass. It was observed that biomass pretreatment improves TRS amount for 0.5 mm particle size. For higher particle sizes the effect of NaOH to disrupt main biomass components is not significant. Figure 3 . TRS concentration for pretreated and non-pretreated corn leaf biomass at different particle size
In order to assess degradation of biomass before hydrolysis acid when alkaline pretreatment is carried out first, TRS was quantified in the liquor obtained after pretreatment. These results are presented in Table 3 . Alkaline pretreatment partially degraded the biomass due to the amount of TRS in this liquor. Other researches have reported similar results for structural compounds degradation. Zhang and coworkers [18] studied alkaline pretreatment of banana peel biomass with similar composition to corn cultivation wastes biomass (18.36%, 32.36%, and 14.6% for lignin, cellulose, and hemicellulose, respectively). After contacting with 6% (wt.) NaOH, banana peel biomass composition reduced to 17.10% of lignin, 30.07% of cellulose, and 10.65% of hemicellulose. The effectivity of alkaline pretreatment depends on physical structure and chemical composition of substrate, as well as pretreatment conditions [2] . High amount of TRS obtained in these experiments suggested that corn crop residues is suitable for producing biofuels. 
Conclusions
The present work emphasizes corn crop residues suitability for producing biofuel by quantification of TRS. The biomass characterization exhibited high cellulose (28.38 g/L -19.017 g/L) and low lignin (13.073 g/L -13.310 g/L) content in corn stalk and corn leaf indicating the potential yield of corn biomass for producing monomeric sugars. In addition, it was found that alkaline pretreatment enhances reducing sugar production for corn stalk, corn leaf and corn stalk/leaf biomasses. The highest value for concentration of TRS (28.89 g/L) was achieved for pretreated stalk/ leaf biomass with 0.5 mm particle size. The amount of TRS obtained in these experiments suggested that corn crop residues are a suitable feedstock for producing biogas.
